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The prognostic implications of coronary collateral chan•
nels were examined in 359 medically treated patients 
with one vessel coronary artery disease and a normal 
left ventricular ejection fraction (2:50%). There were 
149 patients with isolated left anterior descending coro•
nary artery disease (group I) and 210 patients with iso•
lated left circumflex or right coronary artery disease 
(group II). Collateral channels were present in 68 pa•
tients (46%) in group I and 115 patients (55%) in group 
II. During a follow-up period of up to 82 months (mean 
± SD 34 ± 18), there were 23 cardiac events (4 patients 
died of cardiac causes and 19 patients had a nonfatal 
In 1907, Spalteholz (1) provided an anatomic description 
of coronary collateral vessels, and in 1960 Molnar et al. (2) 
described their angiographic appearance. Since then, the 
angiographic characteristics of coronary collateral vessels 
have been well described (3-5). However, the functional 
and clinical importance of these vessels, despite several 
decades of intensive studies (6-17), remain incompletely 
defined. The degree, if any, to which collateral vessels guard 
against the occurrence of subsequent cardiac events in pa•
tients with coronary artery disease is not well known. This 
study examined the prognostic importance of coronary col•
lateral channels in 359 consecutively studied patients with 
angiographic evidence of one vessel coronary artery disease 
and a norrnlll left ventricular ejection fraction who were 
treated medically. 
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acute myocardial infarction). Actuarial survival analysis 
showed that the risk of cardiac events was not related 
to the presence of collateral channels in the two groups. 
Thus, the risk of cardiac events is not related to the 
presence or absence of colhiteral channels in patients 
with one vessel coronary artery disease. Further, the 
risks of cardiac death (0.3%/yr) and nonfatal myocardial 
infarction (l.9%/yr) are very low in medically treated 
patients with one vessel coronary artery disease and a 
normal left ventricular ejection fraction. 
(J Am Coli CardioI1985;6:1257-63) 
Methods 
Study patients. The study group consisted of 359 con· 
secutive patients with angiographically documerited one vessel 
coronary artery disease selected from patients undergoing 
coronary arteriography at our institution between january 
1978 and December 1983. Other selection criteria were 
normal left ventricular ejection fraction (2:50% by contrast 
angiography) and absence of associated valvular disease or 
previous cardiac surgery. Patients with one vessel coronary 
artery disease who underwent coronary revascularization 
(angioplasty or bypass surgery) within 6 months after car•
diac catheterization were excluded to allow adequate follow•
up time on medical therapy. 
There were 255 men and 104 women with a mean age 
of 67 years (range 23 to 81). The patients were classified 
into two groups. Group I had isolated left anterior descend•
ing coronary artery disease, and group II had either left 
circumflex or right coronary artery disease. 
Angiography. Selective coronary arteriography was 
performed by the Sones or Judkins technique, and each 
coronary artery was visualized in multiple projections in•
cluding the sagittal oblique view, The stenosis was consid•
ered proximal when it occurred before the first septal per-
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forator of the left anterior descending coronary artery, before 
the first marginal branch of the left circumflex coronary 
artery or before the crux of the right coronary artery. Col•
lateral channels were considered present if they were vi•
sualized filling (partially or completely) a diseased coronary 
artery beyond the site of occlusion or stenosis. 
Left ventriculography was performed in a 30° right an•
terior oblique or biplane projection, and the ejection fraction 
was measured from the right anterior oblique ventriculogram 
using the area-length method. 
Follow-up. Follow-up information was obtained by tele•
phone interviews of patients, family members or treating 
physicians. Cardiac events were defined as the occurrence 
of cardiac death or nonfatal myocardial infarction. Sudden 
cardiac death was defined as death occurring within I hour 
from the onset of the terminal event or, in the case of 
unwitnessed death, if the victim had been seen and was well 
within the preceding 24 hours. The follow-up of patients 
who died from noncardiac causes (three patients with and 
three without collateral channels) and those who underwent 
coronary artery bypaSS grafting 6 months or more after cath•
eterization (four patients with and one without collateral 
channels) was censored at the time of death or surgery. 
Statistical analysis. Statistical analysis was performed 
using the analysis of variance or chi-square test when ap•
propriate. A probability (p) value of less than 0.05 was 
considered significant. The results are expressed as mean 
± standard deviation (SD) when appropriate. Life table 
survival analysis was used to test the significance (using the 
Mantel-Cox statistics) of risk of cardiac events (cardiac death 
or nonfatal myocardial infarction) among patients with col•
lateral channels compared with patients without collateral 
channels (18). 
Results 
Patients. During the study period, 520 patients were 
found who had one vessel coronary artery disease by coro-
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nary arteriography and who fulfilled the entry criteria. Fol•
low-up was complete in 493 patients (95%). Of these, 134 
patients (27%) were excluded because they underwent coro•
nary revascularization within 6 months of cardiac catheter•
ization. The remaining 359 patients constituted the study 
group. The comparison between the patients who underwent 
early revascularization and those who were treated medi•
cally is provided in Table 1. The prevalence of left anterior 
descending coronary artery disease was higher and that of 
collateral vessels was lower in patients who underwent early 
revascularization. 
Coronary anatomy. Collateral vessels were present in 
183 patients and absent in 176 patients (Table 2). The pres•
ence of collateral channels was not related to age, gender 
or rest hemodynamics. Left ventricular ejection fraction was 
slightly lower in patients with collateral channels. As ex•
pected, the severity of coronary stenosis was greater in 
vessels receiving collateral channels. However, the presence 
or absence of collateral vessels was not related to the lo•
cation of coronary stenosis (proximal versus distal) or the 
coronary vessel involved. Results of exercise testing with 
thallium-20l or radionuclide angiography at our institution 
were available only in 54 patients; 36 (67%) had exercise•
induced ischemia manifested by ST segment depression, 
thallium-20l perfusion defect or abnormal ejection fraction 
response to exercise (20 of 28 patients with and 16 of 26 
patients without collateral channels had exercise-induced 
ischemia [p = NS]). 
Collateral vessels. There were 149 patients with iso•
lated left anterior descending coronary artery stenosis (group 
I) and 210 with isolated left circumflex or right coronary 
artery stenosis (group II). There were 68 patients (46%) 
with collateral channels in group I and 115 patients (55%) 
in group II. The distribution of collateral channels in relation 
to the degree of coronary stenosis in the two groups is shown 
in Figure I. Collateral vessels were present in none of the 
61 patients with less than 70% stenosis, 14 patients (19%) 
with 70 to 89% stenosis, 34 patients (40%) with 90 to 99% 
Table 1. Pertinent Data in Patients Who Underwent Early Revascularization (within 6 months 
after cardiac catheterization) and Those Who Were Treated Medically 
Medical Revascularization 
(n = 359) (n = 134) P Value 
Age (yr) 57 ± 10 58 ± 10 NS 
LVEF(%) 64 ± 8 66 ± 7 0.01 
CAD 
% stenosis 86 ± 17 89 ± 12 NS 
Proximal stenosis 150 (42%) 48 (36%) NS 
LAD disease 149 (42%) 102 (76%) 0.001 
LCx/RCA disease 210 (58%) 32 (24%) 0.001 
Presence of 183 (51%) 47 (35%) 0.01 
collateral vessels 
CAD = coronary artery disease; LAD = left anterior descending coronary artery; LCx = left circumflex 
coronary artery; L VEF = left ventricular ejection fraction; RCA = right coronary artery. 
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Table 2. Clinical. Hemodynamic and Angiographic Variables in Patients Without and With 
Coronary Collateral Channels 
Variables 
Age (yr) 
Female/male 
PAW (mm Hg) 
PAM (mm Hg) 
EDP (mm Hg) 
LVEF('1c) 
CAD 
,(, stenosis 
Proximal location 
LAD disease 
LCx/RCA disease 
Medication 
Nitrates 
Beta-blockers 
Calcium channel blockers 
Severity of an!!ina (NYHA) 
Class I. II 
Class Ill. IV 
Prior MI'r 
Cardiac events 
Nonfatal MI 
Sudden cardiac death 
Nonsudden cardiac death 
Follow-up (mo) 
.'iX + 10 
5')1117 
12+ 5 
18+_ 5 
17 -t 7 
(,6 + Xl 
74 + 17* 
72 (41';') 
XI (54';') 
95 (45';') 
561128 (44';') 
76/12X (59'1r) 
53'12X (41«,) 
45 (25';') 
131 (75';') 
481133 (3(,(;')* 
9 (51 ';') 
1(0(";') 
I (() (,';, ) 
33 + IX 
Collateral Channels 
Present (n = 183) 
5(, :±: 10 
45/130 
II :±: 4 
18 :±: 5 
1(, :±: 6 
62 :±: 7* 
98 :±: 6* 
78 (43')0) 
(,8 (4('c!c) 
115 (55'7<) 
MII42 (457<) 
881142 ((,27<) 
651142 (46r;, ) 
142 (789r) 
41 (22'7c) 
841142 (590/0)* 
10 (55'.1,) 
I (0.5'.1,) 
I (0.57<) 
35 :±: 19 
*p < 0.0001: 'i'data are incomplete. EDP = end-diastolic pressure: EDVI = end-diastolic volume index: 
MI = myocardial infarction: NYHA = New York Heart Association functional classification: PAM = mean 
pulmonary artery pressure: PAW = mean pulmonary artery wedge pressure: other abbreviations as in 
Table I. 
n= 
33 
50-
89% 
C=:J Collat.ral. Ab •• nt 
~ Collat.ral. Pr ••• nt 
I+--- LAD --·~I I+- LCX/RCA -+I 
Figure I. The distribution of collateral vessels in re•
lation to the degree and location of coronary stenosis. 
LAD = left anterior descending coronary artery; LCX 
= left circumflex coronary artery; n = number of 
patients; RCA = right coronary artery. 
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Table 3. Clinical, Hemodynamic and Angiographic Variables in Patients Who Had Cardiac Events 
Case Age (yr) & Sex EF CAD Coil Events Follow-up (mo) 
1 47M 82 50%, LCx MI 30 
2 72F 85 100%, LAD + MI 15 
3 52M 65 95%, LAD* MI 2 
4 42M 59 100%, RCA* + MI 32 
5 72M 68 60%, LAD* NSCD 31 
6 47M 58 95%, LCx* + NSCD 27 
7 41M 66 100%, LAD + MI 3 
8 58M 72 100%, LAD + MI 34 
9 57F 79 50%, LAD* SCD 53 
10 45F 62 80%, LCx* MI 34 
II 60F 61 60%, LAD MI 30 
12 SOM 58 100%, RCA* + MI 4 
13 51F 54 100%, LAD + SCD 54 
14 61F 74 90%, LCx MI 8 
15 51M 50 100%, LCx + MI 19 
16 50M 50 100%,RCA* + MI 8 
17 54M 61 100%, LAD + MI 21 
18 65M 69 80%, LAD MI 6 
19 63M 71 90%, RCA MI 25 
20 56M 50 100%, LAD + MI 12 
21 49M 83 65%, RCA MI 15 
22 65M 72 100%, LAD* + MI 18 
23 55M 58 90%, LAD MI 46 
*Proximal stenosis. Coil = collateral ve<~els; F = female; M = male; NSCD = non sudden cardiac death; SCD = sudden cardiac death; + 
present; - = absent; other abbreviations as in Tables 1 and 2. 
stenosis and 135 patients (97%) with occluded vessels. Only 
10% of patients with less than 90% stenosis had collateral 
vessels compared with 75% of patients with 90% or greater 
coronary stenosis. The patients with collateral channels had 
less severe angina than did those without collateral channels 
(Table 2). 
Prognosis. There were 23 cardiac events during a fol•
low-up period of up to 82 months (mean ± SD 34 ± 18); 
4 patients died of cardiac causes and 19 patients had a 
Figure 2. Life table analysis showing the incidence of cardiac 
events in the total study group. 
GI 
QI .. 
It .. 
C 
GI 
> w 
~ 
80 
60 
40 
20 
0 
12.5 37.5 62.5 
Months 
87.5 
nonfatal acute myocardial infarction. The pertinent data from 
patients with cardiac events are shown in Table 3. Of interest 
is that 13 of the 23 patients with cardiac events had, in 
addition to the significant lesion in one vessel, "mild" or 
hemodynamicall y •. insignificant" lesions in other vessels. 
The annual mortality rate was 0.3% and the annual rate 
of nonfatal myocardial infarction was 1.9%. The cumulative 
event-free proportion among the entire group of patients is 
shown in Figure 2. The effect of collateral channels on the 
risk of cardiac events in the combined groups and in the 
two subgroups are shown in Tables 4 to 6 and Figures 3 
and 4. Regardless of the diseased vessel and severity of 
stenosis, collateral vessels did not affect the risk for sub•
sequent cardiac events. Finally, the risk of cardiac events 
was not significantly different between the two groups 
(p = 0.1, Mantel-Cox). 
Discussion 
Previous studies on role of collateral vessels. In 1940, 
Blumgart et al. (6) concluded that the development of coro•
nary collateral vessels prevented the development of angina 
pectoris and myocardial infarction in patients with coronary 
artery disease. In contrast, postmortem data by Snow et al. 
(17) showed that collateral vessels did not prevent infarction 
when a major coronary artery was occluded. However, the 
relevance of postmortem studies to the clinical situation in 
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Table 4. Effects of Collateral Vessels on Cardiac Events in Relation to Degree of Coronary 
Stenosis: Cardiac Events in the Entire Group of 359 Patients 
Events (no. of patients) No Events (no. of patients) 
Collateral No Collateral Collateral No Collateral Mantel-Cox 
Stenosis Vessels Vessels Vessels Vessels p Value 
250% 12 11 171 165 0.9 (NS) 
270% 12 6 171 109 0.8 (NS) 
290% 12 4 157 51 0.9 (NS) 
100% 11 0 124 4 0.6 (NS) 
Table 5. Effect of Collateral Vessels on Cardiac Events in Relation to Degree of Coronary 
Stenosis in 149 Patients With Isolated Left Anterior Descending Coronary Artery Disease 
(group I) 
Events (no. of patients) No Events (no. of patients) 
Collateral No Collateral Collateral No Collateral Mantel-Cox 
Stenosis Vessels Vessels Vessels Vessels p Value 
250% 7 6 61 75 0.8 (NS) 
270% 7 3 61 45 0.6 (NS) 
290% 7 2 55 19 1.0 (NS) 
100% 7 0 40 0.8 (NS) 
Table 6. Effect of Collateral Vessels on Cardiac Events in Relation to Degree of Coronary 
Stenosis on Cardiac Events in 210 Patients With Isolated Left Circumflex or Right Coronary 
Artery Disease (group II) 
Events (no. of patients) 
Collateral No Collateral 
Stenosis Vessels Vessels 
250% 5 5 
270% 5 3 
290% 5 2 
100% 4 0 
humans has been questioned (3), Thus, although collateral 
blood flow may be adequate to maintain resting energy 
requirements, it may not be sufficient to meet the increased 
demands during stress (6,8,19), 
The protective role of the collateral channels in patients 
experiencing myocardial infarction remained to be defined, 
Although reports (20-24) of normal left ventricular function 
with total coronary artery occlusion, even of the left main 
coronary artery, are available, other studies (7-9,25) have 
shown that the frequency and size of myocardial infarction 
are not different in the presence or absence of collateral 
channels, The effect of collateral vessels on prognosis in 
medically treated patients with coronary artery disease is 
equally uncertain, 
Present study. Our study shows that the risk of cardiac 
death and nonfatal acute myocardial infarction is not af•
fected by the presence or absence of collateral channels 
regardless of the site and degree of stenosis (Tables 4 to 6, 
No Events (no. of patients) 
Collateral No Collateral Mantel-Cox 
Vessels Vessels p Value 
110 90 0.7 (NS) 
110 64 0.9 (NS) 
102 32 0.8 (NS) 
54 3 0.7 (NS) 
Fig, 3 and 4), Further, the annual incidence rate of major 
cardiac events was very low with medical treatment (0,3% 
for cardiac death and 1,9% for nonfatal acute myocardial 
infarction). The patients with collateral channels, however, 
had less severe angina than those who did not. These data 
are consistent with recent reports (26,27) suggesting a fa•
vorable prognosis in medically treated patients with one 
vessel coronary artery disease. Despite potential problems 
in the subjective estimation of coronary stenosis and col•
lateral channels, our data are consistent with previous stud•
ies (5) showing that collateral channels appear in patients 
with severe stenosis (Fig. I). 
The relation between physical activity and collateral ves•
sels is not well understood. The often quoted experimental 
findings of Eckstein (28) that exercise promotes collater•
alization have been challenged by clinical studies (8) that 
found no difference in physical activity between patients 
with and without collateral vessels. The patients in our study 
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Figure 3. Life table analysis showing the incidence of cardiac 
events in patients with or without collateral vessels in the total 
study group. 
had one vessel coronary artery disease and a normal left 
ventricular ejection fraction. Therefore, the data should not 
be extrapolated to patients with multivessel disease, left 
main disease or an abnormal left ventricular ejection fraction. 
Although it may be logical to consider early vasculari•
zation, revascularization during the follow-up period or ep•
isodes of severe or unstable angina pectoris as cardiac events, 
such events are "soft," and in a nonrandomized study such 
as this, may be biased by the aggressive approach of some 
of the treating physicians or even the eagerness of some 
patients to undergo revascularization. 
Clinical implications. This study was not designed to 
formulate therapeutic strategies. The good prognosis in the 
Figure 4. Life table analysis showing the incidence of cardiac 
events in patients with isolated left anterior descending disease 
(LAD) and isolated right or left circumflex coronary artery disease 
(LCX/RCA). 
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medically treated patients may be due to a selection bias 
since it is possible that patients at higher risk were excluded 
because they underwent early revascularization. The angio•
graphic data showed that patients who underwent early re•
vascularization had a greater prevalence of left anterior de•
scending coronary artery disease and lesser prevalence of 
collateral channels than did patients who were treated med•
ically. These two anatomic descriptors, however, were not 
related to cardiac events in the medically treated patients. 
Percutaneous transluminal coronary angioplasty has been 
used with increasing frequency, even in patients with mild 
symptoms. Randomized studies are necessary to compare 
angioplasty and medical therapy in patients with one vessel 
disease, taking into consideration not only the anatomic data 
and symptoms, but also physiologic data obtained during 
stress, such as semiquantitative estimates of the amount of 
myocardium at jeopardy. 
We are grateful for the assistance of Melvyn Mahon, MD in providing 
cardiac catheterization data for the study. We also thank Amelia Kuriger 
and Valerie Wakefield for their secretarial assistance. 
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